Nude mice each attached to a respirator to avoid pulmonary uptake were exposed in a glass exposure chamber to 200, 1000 or 3000 ppm of benzene, toluene or tetrachloroethylene (perclene) for 2, 4 or 6 h. The animals were killed at the end of the study and the amount of each solvent retained in the whole body was determined by gas chromatography. Skin absorption rates were calculated from the amount retained in the whole body using the single compartment model (elimination rate constant) obtained in a previous experiment. There was a linear relationship between the amount of skin absorption and exposure time, and also a linear relationship between the skin absorption rate and concentration of exposed vapors.
Nude mice each attached to a respirator to avoid pulmonary uptake were exposed in a glass exposure chamber to 200, 1000 or 3000 ppm of benzene, toluene or tetrachloroethylene (perclene) for 2, 4 or 6 h. The animals were killed at the end of the study and the amount of each solvent retained in the whole body was determined by gas chromatography. Skin absorption rates were calculated from the amount retained in the whole body using the single compartment model (elimination rate constant) obtained in a previous experiment. There was a linear relationship between the amount of skin absorption and exposure time, and also a linear relationship between the skin absorption rate and concentration of exposed vapors.
Skin absorption of solvent vapors occurs by passive diffusion as defined by Fick's law. The skin absorption coefficient (cm/h) of each solvent vapor was calculated by dividing the skin absorption rate by exposure concentration; the values were 1.24 for toluene, 1.00 for perclene and 0.619 for benzene. The coefficient may be useful for evaluating the amount of skin absorption of solvent vapors in the work environment. The amount of skin absorption (ng) was
INTRODUCTION
In whole-body exposure it is generally assumed that pulmonary uptake is very much larger than skin absorption and that the latter can essentially be ignored. In certain work environments, however, skin vapor exposure might be the primary route of exposure.
This exposure could occur where personnel provided with respirators, but not wearing full body protective gear, enter an environment with air concentrations of potentially toxic chemicals much above the threshold limit values (TLVs).
For these situations accurate hazard assessment can only be 
MATERIALS AND METHODS

Materials
The solvents were special-grade products from Wako Pure Chem. Co., Tokyo, and were examined for purity by gas chromatography with a flame ionization detector.
The purity was more than 98% . The adhesive agent "a-cyanoacrylate glue: Semedain 3000" was obtained from Semedain Co., Tokyo. The dental cement "polycarboxylate cement: Livcenera" was obtained from Jisi Dental Mfg.
Co., Tokyo.
Animals and treatment
Male nude mice (BALB/cAnNCrj-nu/nu) weighing 30 to 40 g obtained from Charles River Japan were used. The mice were anesthetized by subcutaneous injection of 2% pentobarbital solution at 3 ml/kg body weight and a rodent respirator (Harvard, USA) model 683 was connected to each mouse by means of a "Y" tracheal cannula inserted by tracheotomy prevent any intake of the solvent by respiration. The surgicaly treated part was sealed with the adhesive agent and dental cement. The "Y" tracheal cannula was attached to the respirator with a 1/16-in. Teflon tube. Prior to the experiment, the mouse was placed in the exposure chamber and the Teflon tube was brought to the outside of the chamber through a hole in the front wall and connected with the rodent respirator. Each hole was then sealed with a rubber cork and bathtub-caulking material. The surface area of each nude mouse was calculated according to the MeehRubner equation, which relates surface area and body weight to the 1.042 power using a coefficient of 1 Determination of the solvents in the whole body At the end of the exposure the nude mice were killed with carbon monoxide gas. The nude mice were immediately taken from the exposure chamber and left for 10 min at room temperature to avoid contamination by solvent on the skin surface. The mice were then frozen in liquid nitrogen and homogenized in liquid nitrogen with a Polytron homogenizer (Kinematica, Switzerland).
Then, approximately 5 g of the homogenate mixed with liquid nitrogen was put into a pre-weighed 50-ml Brown-Erlenmeyer flask with a stopper. After evaporation of the liquid nitrogen, the flask was reweighed to obtain the accurate weight of the homogenate.
Twenty milliliters of carbon disulfide (CS2) containing an internal standard was added immediately.
The flask was shaken vigorously for 1 min and allowed to stand until the CS2 layer had separated.
One microliter of the CS2 (1) where M is the amount retained in the whole body at time t, ko is the skin absorption rate at time t, and ke is the elimination rate constant from the whole body by expiration and metabolism. Equation (1) transforms to the following equation by integration: (2) Therefore, the skin absorption rate at time t can be determined from the amount retained at time t and the elimination rate constant. The elimination rate constant is determined by the dose loss from the whole body injected with a single dose. The elimination rate constant (1/h) for toluene was 0.11.9) The detailed method was described in a previous paper.9) Determination of elimination rate constant The elimination rate constant is determined by solving equation (1) a Hamilton microsyringe. They were then killed with carbon monoxide gas at 2, 4 or 6 h after injection. The amount retained in the whole body (M) was determined at the end of each experiment by the procedures described above. The amount administered is equivalent to M0.
RESULTS
Elimination rate constant Figure 2 shows the relationship between ln(M/M0) and the time after the 1-11,1 dose. The logarithm of the ratio of M to Mo decreased linearly with time. Therefore the elimination rate constant (ke) could be obtained from the slope Of each curve by the method of least squares. The ke (1/h) obtained was 0.085 for benzene and 0.038 for perclene.
Skin absorption of solvent vapors
The test solvent vapors were absorbed rapidly through the skin and were detected in the whole body even at an exposure concentration of 200 ppm. Figure 3 shows the curves (solid line) for the amount retained in the whole body at 2, 4 and 6 h for 200 ppm solvent vapors in nude mice and the skin absorption curves (dotted line) obtained using equation (2) . The amount of skin absorption increased linearly with exposure time and the lag phase in the initial period for each solvent vapor could not be observed clearly. This may have been due to the lag time being very short. The skin absorption rate (nmol/cm2/h) of 200 ppm solvent vapor at the steady state obtained from Fig. 3 by the method of least squares was 9.77 for toluene, 6.51 for perclene and 4.11 for benzene. Figure 4 shows the retained amount curves (solid line) and the skin absorption curves (dotted line) for nude mice with 1000 ppm solvent vapor. The skin absorption rate (nmol/cm2/h) at 1000 ppm solvent vapor obtained from Fig. 4 was 49.8 for toluene, 41.5 for perclene, and 24.2 for benzene. Figure 5 shows the retained amount curves (solid line) and the skin absorption curves (dotted line) for nude mice with 3000 ppm solvent vapor. The skin absorption rate (nmole/cm2/h) at 3000 ppm solvent vapor obtained from Fig. 5 was 156 for toluene, 122 for perclene and 75.5 for benezene. The highest skin absorption rate was found for toluene, followed by perclene and then benzene at various concentrations of solvent vapor. The skin absorption rate of toluene vapor was about twice as high as that of benzene vapor. It was checked whether the skin absorption rate of vapor is proportional to the exposure concentration (Fig. 6) . The skin absorption rates were related linearly to exposure concentration for each solvent. Therefore a skin absorption coefficient, the permetability coefficient according to Fick's law, was calculated from the slope of the graph. The skin absorption coefficient (cm/h) obtained by the method of least squares was 1.24 for toluene, 1.00 for perclene, and 0.619 for benzene.
DISCUSSION
The amount of skin absorption of solvent vapor was determined quantitatively in nude mice using the in vivo method. It has been determined that skin absorption in animals is in general greater than that in man.12) In vivo dermal vapor exposures of xylene, styrene, toluene, 1,1,1-trichloroethane and tetrachloroethylene (perclene) in man have been studied by Riihimaki and Pfaffli.1) Calculation of skin absorption coefficients from their absorption data indicates that 1,1,1-trichloroethane is the least permeable (0.01 cm/h) and styrene the most permeable (0.35 cm/h). They based their absorption data on exhalation of the compounds, and in the case of xylene and styrene, they also determined urinary metabolite concentrations.
They did not account for compounds stored in tissues and therefore their estimates would be expected to be lower than absorption calculated by the present methods.
In addition it has been pointed out by Wieczorek2) that their exposure condition introduced a lower rate for styrene. Wieczorek observed high skin absorption of styrene in man over a concentration range of 300-750 ppm. Calculation of skin absorption coefficient from his data indicates a value for styrene of 1.22 cm/h. This is similar to the value found in the present study. Skin absorption of solvent vapor in nude mouse therefore seems to be similar to that in man.
Correlations between the skin absorption rate of vapor and chemico-physical properties -(vapor pressure, molecular weight, solubility, partition coefficient) have been discussed by many investigators.13,14) Our data show a linear relationship (r =-0.97) between the skin absorption coefficient and logarithm of the octane/ water partition coefficient (log P), which is 2.69 for toluene, 2.60 for perclene and 2.13 for benzene.15) The highest skin absorption coefficient showed the highest octane/water partition coefficient The amount of skin absorption per square centimeter cf skin surface of solvent vapor in the work environment was evaluated by multiplying together the skin absorption coefficient, concentration of solvent vapor and exposure time. Therefore the total amount of solvent vapor absorbed in the work environment was estimated by the equation V: Ventilation rate of lung (cm3/h) k: Skin absorption coefficient (cm/h) S: Skin area exposed to solvent (cm2) By this equation, the ratio of dermal uptake to pulmonary uptake was calculated from kS/R V. This ratio is independent of exposure concentration and exposure time. Then the ratio of skin absorption rate to pulmonary uptake in man was estimated on the following assumptions:
(1) The skin absorption coefficient in man is the same as that in the nude mouse, (2) the skin surface area of man is 1.8 m2, (3) the retention of solvent in the lung is 50% , (4) the ventilation rate in the lung is 10 1/min. The estimated ratios are 7.4% for toluene, 6% for perclene and 3.7 % for benzene.
Similar information has been obtained for other solvent vapors. McDougal et al.4) and Wieczorek2) have reported that the ratio of dermal uptake to pulmonary uptake is 6.2% for dibromomethane and 4.4% for bromochloromethane in rats and 5% for styrene in man.2,4) From these estimates, it appeared that solvent vapors would be absorbed through the skin in considerable quantities on certain occupational situations where personnel provided with respirators, but not wearing full body protective gear, are exposed to high vapor concentrations.
It was concluded that the skin absorption coefficient is a useful value for the quantitative assessment of skin absorption of solvent vapors and that the quantitative determination of the skin absorption coefficient is important.
